AbstractThe maneuverability of a ship at seaway is strongly influenced by a design of rudder. An innovative design of rudder based on a tail shape of fish was developed with the intent of improving an efficiency of ship maneuverability. Two designs of rudders were proposed i.e. the rudder of forked which is a rudder with an area reduction on the middle part, and the lanceolate shape or a rudder with additional area on the middle part. In evaluation of the rudder designs performance, the numerical approach of Computational Fluid Dynamic (CFD) was applied to determine a side force generated by rudder using the commercial software of FLUENT. Numerical simulations were performed on the rudder designed of rectangular, forked and lanceolate which had similar a surface area with the variations of rudder angle such as 100, 200 and 300 due to the uniform fluid flow at a constant speed. Further simulations was performed on the two forked rudder designed which takes into account the influence of propeller due to fluid flow on the rudder surface. It had shown the velocity of fluid flow behind the shaft of propeller very small in which the middle part of the rudder produced less lift force compare to the other part of rudder. Mathematical and numerical model of ship maneuvering were developed in order to evaluate the performance of a ship maneuvering in seaway based on the IMO standards on turning test. The simulation results had shown the rudder of forked produce the ship maneuvering performance that exceeds the performance of rectangular rudder as well as lanceolate rudder.
aneuverability of ship is an important aspect considers avoiding collision accident of ships in seaway especially in the restricted area of waterway. The International Maritime Organization (IMO) has published the safety regulation in terms of manoeuvrability criteria that must be owned by every ship [1] .
The ability of a ship while doing manoeuvre at seaway is strongly depends to device of rudder in generating lift or side force. Actually, the work principle of rudder had similarity with a function of fish tail in navigation fish"s body in seaway. There are several types of fish tail such as the shape of Forked, Lunate, Truncated rounded, Lanceolate and Eel-like. In this paper, an innovative design of rudders based on the two types of fish"s tail such as Forked and Lanceolate were proposed to enhance manoeuvring performance of ship. Forked rudder is defined a rudder with a reduction area on the middle part of rudder"s tail, and Lanceolate rudder is a rudder with an additional area on the middle part of rudder"s tail, The lift coefficient of rudder design should be firstly defined by using computational fluid dynamic (CFD) following [2] . The principle of uniform flow on behind of propeller was considered to figure out a flow pattern around a rudder. In addition the principle of fluid flow in front of the propeller that the velocity of water flow in the upper area of the blade propeller have the greatest value and gradually decreases to near zero at the propeller shaft [3] , as shown in Figure 1 . Therefore the area of the rudder in front of the propeller which is in line with the shaft propeller would have a small value of flow velocity compare to upper and lower are of rudder. In general a ship with a rudder flap had performed manoeuvrability better compare to a ship with a conventional rudder in the same wetted area of rudder [4] . The additional flap on rudder to be considered evaluated in this paper to investigate the effect of flap in increasing lift or side force to a conventional rudder.
Furthermore, the manoeuvring program was developed based on clarke"s equation [5] with some modification to into account a lift coefficient of rudder which as independent input. The numerical test was conducted against three designs of rudders i.e. rectangular, forked and lanceolate, and alls were also designed with and without flap which had a same value of wetted surface area.
II. METHOD

A. Calculation of Lift Coefficient
The cross-flow problems of the 3D rudder were solved by using CFD software. In the numerical simulation, the flow was assumed to be uniform, steady, and incompressible. The fluid density (ρ) of the water as the working fluid was 1025 kg/m 3 and viscosity (μ) = 1.003 10 -3 kg/m sec. The rudder size was modeled in the CFD geometry with the certain value of chord (c) and span (l), and the foil section of seri NACA 0018. For the sake of performance comparison, all models were designed in the same value of surface area (A) about 25.2 m 2 . The flap areas of models were determined about 30% of surface areas of models as recommended by [6] .
Fluid boundary condition that was used in modeling as has been illustrated in Figure 3 
boundary conditions of rudder model were determined while pressure hold on the boundaries of rudder geometry. Grid independence tests was carried out to obtain the most efficient number of elements in producing good accuracy of output with time consuming a short as possible. Numerical tests were conducted with variety number of elements i.e. 678027, 701659, 730564 and 762337. The grid independence test was performed on the model A, in which the computational result shown a steady condition occured since the element number of 730564. While the procedure of computational was conducted properly, the lift coefficient (Cl) of rudder could be obtained by equation (1).
The lift or force of rudder was determined with finding the difference of pressure distribution between the top and bottom side of along the rudder"s surface. These CFD simulations were conducted on the PC computer with specification: Duo Core Processors 2.0 GHz, Three (3) GB of RAM, and 256 MB graphics card.
B. Calculation of Ship Maneuvering
The evaluation of 6-model rudders performance affect to the ship maneuvring performance was determined following [7] . In this computation, the 6-models of rudders was installed on the ship which have the main dimension of length between perpendicular (L) 99 m, width moulded (B) 18.785 m, draft (T) 6.052 m, and block coefficient (C b ) 0.773. Steady turning test was performed to evaluate ship maneuvering performance. Figure 4 ). In the stage of turning test is divided into four main stages, the first stage of the preparation, which at this stage the ship moves straight from rest until it reaches the desired speed. At this stage there is no turn by rudder, and this phase ends when the rudder has started rotate. The second stage begins when the ship"s rudder rotated to form the desired angle and the ending of stage while a ship"s direction was about 90 0 to the early direction. The third stage begins when the rudder angle has reached the maximum angle, and the ending of state in sign of the direction of ship about 180 0 or opposite direction to the early stage. And the last stage there is a balance that makes the ship turn around with fixed radius or often referred to as the phase of steady turning.
International Maritime Organization (IMO) set rules regarding the standardization of ship maneuver-ability and it can be referenced in the process of ship design. Based on these standards are required to have the ship. The ship maneuverability criteria set out in the IMO regulations are ability turning, course keeping, yaw checking, and stopping. In the case of turning test, the distance of Advance (Ad) must not more than 4.5 times the length of ship and the tactical diameter (TD) must not more than 5 times the length of ship.
The simulation program was developed based [5] in which the lift coefficient was required as input. The hydrodynamic coefficients of maneuvering were defined by equation (2) . (2) Where are nondimensional hydrodynamic coefficients. Hydrodynamic coefficient which has related to the rudder force is the value of Y δ ', influence to the ship"s maneuvering performance, and it can be calculated by equation (3) . (3) Where S is surface area of rudder, Cl is lift coefficient, and u a is a flow velocity on rudder surface. Since the rudder position is assumed a half of ship length after of amidships, non-dimensional rudder moment of N δ ' can be calculated by equation (4) . (4) The steady turning diameter (STD) of the ship while perform a turning movement can be approximated by using equation (5) as follow as.
Where m is mass of ship and δ is rudder angle. The indicator of maneuvering performance based on IMO regulation such as tactical diameter (TD), advanced (Ad) and transfer (Tr) were approximated by equation (6) refer to [5] . The results of the CFD simulation on six (6) models type of rudder using either flap or without flap for a
rudder angle of 100, 200, and 300 were presented in Figures 5 -10 respectively. Figures 5 -10 shown the distributions of pressure on all type of models while the rudder was rotated about 100 , 200, and 350 respectively due to uniform flow with the velocity about 6 m/s. It is shown the models with flap had pressure higher than models without flap. In general, the model of rudder with flap had also higher lift coefficient compare to the rudder without flap for all conditions of rudder angle. Because of the additional flap on rudder gave contribution significantly to increase a velocity of fluid flow on top side of rudder"s tail and made decreasing of flow velocity on bottom side of rudder"s tail. Figures 5 -10 explained that high pressure distribution concentrate on the leading part of rudder for rudder angle of 100. The high pressure distribution was concentrated on the flap or tail of rudder for case of rudder angle 200 as shown in Figure 7 and 8. The high pressure distribution was spread to the surface of rudder while the rudder angle of 350, even the leading area had higher pressure than the area of tail. The maximum value of lift coefficient for all type of rudder due to the rudder angle of 100, 200 and 350 were described respectively in Table 1 .
Figures 11 and 12 described the distribution pressure on the bottom side of models while the rudder angle was rotated about 200. It shown there were the differences of pressure distribution between top side as presented in Figures 7 and 8 , and the bottom side of rudder. The top side of rudder had a higher pressure than the bottom side because the velocity of fluid flows on top side faster than the bottom side.
As presented in Table 1 , the lift coefficient for all of models was increased while the rudder angle was rising up to 350 which is the maximum degree of rudder angle according IMO regulation. It also shown in Table 1 that the type rudder of Forked (Model 2 and Model 5) gave a lift coefficient higher than others on both conditions of with and without flap for all rudder angles. Except Model 5 while the rudder angle was 100, generated lift force lower compare to Model 4. It shown the rudder"s tail of Model 5 was not affect yet to increase a velocity of fluid flow on the top of rudder"s tail area. Since the length of Model 5 was longer compare to Model 4, the rudder"s tail of Model 5 had contributed to increase lift force while the rudder angle was above 100.
Furthermore, while the effect of propeller was into accounted in the CFD simulation, it means fluid flow was not uniformly around the rudder, the pressure distribution of rudder had been significant changed. The middle part of the rudder area which was a line position to the shaft of propeller had a small value of lift, because the velocity of flow stream on middle part was small value compare to the other part of rudder. This is consistent with the explanation of the study conducted by [3] , that the velocity of fluid flow after or behind the upper and lower regions of propeller had high value and small value on the area of the propeller shaft. The pressure distribution on the rudder due to fluid flow which was the propeller effect considered as presented in Figure 13 . In this simulation, the middle part of rudder which was located in front of the shaft propeller, was installed a tube, and uniform flow with the same velocity, 6 m/s was streamed against to the model. The result of CFD simulation was described in Figure 13 .
The contour of fluid flow on the x-axis as shown in Figure 8 illustrated the middle part of rudder"s tail had the smallest value of fluid pressure. This phenomenon explained that the middle part of a tail rudder did not give a lift force maximally so it might be removed, and the type rudder of Forked with flap (Model 2) was the most optimal type of the rudder. In other hand, the reduction on the middle part of a tail rudder might influence to the reduction of power to rotate a rudder as well as the cost of manufacture.
By using equations (2) until (6) and the lift coefficient obtained by CFD method as shown in Table 2 , it can be estimated the value of turning diameter, tactical diameter, advance, and transfer as described in Table 2 . In this case, the model with flap was arranged with additional flap angle of 100. It had shown on Table 2 the effect of rudder angle, as well as the effect of rudder shape to the ship maneuvering performance in turning test. In order to see differences in the performance of each rudder type clearly, then the value of turning diameter, tactical diameter, advance, and transfers due to maneuvering test were plotted against to the rudder angle of 100, 200, and 350, as described respectively in Figure  14 -17 respectively.
Additional flap on rudder had increased the performance of maneuvering for all conditions of the rudder angle, as shown in Figures 14 -17 . The value of STD, TD, Advance, and transfer had increase for the models with additional flap such as the average value of 38%, 37%, 23%, and 45% for the rudder angle 100 respectively; 24%, 22%, 11%, and 35% for the 200 of rudder angle respectively; and 16%, 14%, 5% and 33% for the rudder angle 350 respectively. Figure 14 -17 also explained the increasing of rudder angle would raise maneuvering performances for all models.
For rudder angle of 100, the model without flap (Model 5 and Model 6) had a turning diameter about 3.2% and 8.6% higher than a conventional rudder (Model 4) respectively. While the rudder angle was switched to 350, the turning diameter of Model 5 was 3% lower than Model 4, but Model 6 had 0.8% of turning diameter higher than Model 4. It shown Model 5 had better performance compare to Model 6 for all rudder angles condition, and better than Model 4 for rudder angle 200 as well as 350. This phenomenon almost the same as models with flap, the turning diameter of Model 1, 2 and 3 were lower value than Model 4 about 35%, 37% and 29.3% for case 100 of rudder angle and 100 of flap angle. While the rudder angle was increased to 350 for the same value of flap angle 100, the turning diameter of Model 1, Model 2 and Model 3 were about 14%, 16% and 12% lower than Model 4 respectively. This phenomenon shown Model 2 had a better performance in ship maneuvering compare to Model 3 about 8% and 2% for the case of rudder angle 100 and 350 respectively.
III. CONCLUSION
The six (6) rudder design has been proposed in an effort to improve the ship's maneuverability in the seaway. The CFD simulation results against all models explained the forked type of rudder (Model 2 and Model 5) generated the highest value of lift coefficient which was compared to other models. The adding flap about 30% of rudder area for all types of rudders contributed increasing lift coefficient for all conditions of rudder angle. While the existence of the propeller located in front of rudders was considered in the CFD simulation, it was seen the distribution of the pressure at the middle part of the rudder had smaller value than the top or bottom part of the rudder. This phenomenon explained that the model Forked which reduces the middle area, and adding area on the bottom and top of the rudder, had relevance in generating optimally a lift of rudder. Ship maneuvering simulations program was developed to evaluate the maneuverability of ship due to the performance of rudder in which a lift coefficient as input, and output program in terms of turning diameter, tactical diameter, advance and transfer. In over all simulation shown the model 2 had the best performance in ship maneuverability compared to others.
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